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(57) Abstract: A refuse vehicle is disclosed comprising a refuse loader (1 10) capable of moving a load of refuse along a path and 
into the refuse vehicle and an electronic control system (112) capable of controlling the refuse loader. The refuse loader controlled 
by the electronic control system is capable of moving the load along the path and perfonning an operation in relation to a position 
along the path. 
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REFUSE VEHICLE CONTROL SYSTEM AND METHOD 

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS 

[0001] This application is a continuation-in-part of U.S. Ser. No. 09/927,946, 
filed August 10, 2001, pending, which is a continuation-in-part of U.S. Ser. No. 
09/384,393, filed August 27, 1999, now U.S. Pat. No. 6,421,593, which is a 
continuation-in-part of U.S. Ser. No. 09/364,690, filed July 30, 1999, 
abandoned, each of which is hereby expressly incorporated by reference. This 
application also claims priority to U.S. Prov. No. 60/342,292, filed December 
21, 2001, also hereby expressly incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to the field of refuse vehicles. 
More specifically, the present invention relates to refuse vehicle control systems 
for refuse vehicles. 

BACKGROUND OF THE INVENTION 

[0003] Various vehicles are known for use in collecting and transporting 

refuse. Refuse vehicles often employ a refuse loader to load refuse into the 

refuse vehicle's refuse container. One example of such a refuse loader is a - 

refuse vehicle having a front loader. Such front loaders typically comprise a pair 

of arms and forks which are movable with electric, hydraulic, or pneumatic 

actuator systems. When loading refuse, the front loader's forks may be 

received by a refuse bin. The arms may then be raised which, in turn, raises the 

forks and the refuse bin. In this manner, the refuse bin may be raised over the 

cab of the refuse vehicle where the refuse can be deposited into a hopper. 

Typically, this process of loading refuse is controlled by a human operator. 

[0004] Unfortunately, this process has a number of disadvantages. In some 

s'rtuations, a portion of the refuse fails to fall out of the refuse bin and into the 

-1- . 
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hopper. In these situations, the operator can shake the refuse bin a few times 
to loosen the refuse. Typically, the operator shakes the refuse bin by moving 
either or both the forks and arms in short repetitive movements. The forks and 
arms are often near mechanical stops when these short repetitive movements 
occur. Unfortunately, these repetitive movements may result in the arms and 
forks reaching their mechanical stops causing undue wear and tear on the front 
loader. This wear and tear may decrease the operative life of the front loader 
and result in increased repair and maintenance costs. 

[0005] In other situations, refuse vehicles having front loaders may spill refuse 
on the ground as the refuse bin is being lifted. This is often a problem when the 
refuse bin has been overfilled. As the arms and forks rise, the forks and refuse 
bin gradually transition from being in largely a horizontal position to a more 
vertical position in preparation for the refuse bin to be dumped in the hopper. 
During this transition, refuse may be spilled. When refuse spills, the operator 
must exit the refuse vehicle, manually load the refuse into the refuse bin, reenter 
the refuse vehicle, and, using the front loader, empty the refuse bin. This 
process results in a significant loss of efficiency for the operator of the refuse 
vehicle. In addition to the efficiency loss, some of the spilled refuse may be 
blown away or scattered such that it would take too much of the operator's 
time to put it back in the refuse bin. The result may be refuse distributed near 
and around the location of a refuse bin. This is very undesirable aesthetically 
and may have significant negative environmental impacts on the surrounding 
area. 

[0006] Further, in other situations, the operator of the refuse vehicle may 
have difficulty determining the location of the arms and forks. This may 
especially be a problem when the arms and forks are located above the cab of 
the refuse vehicle and out of sight of the operator. The operator may need to 
be able to quickly determine the position of the forks or arms, e.g., the operator 
needs to know whether the forks are stowed in preparation for the refuse 
vehicle to travel. Unfortunately, the operator is typically limited to visually 
verifying the position of the arms and forks. 
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[0007] In other situations, the operator may not be aware of tlie position of 
the various components of the refuse vehicle and attempt to perform a function 
that may result in damaging the refuse vehicle or spilling refuse. For example, 
an operator of a front loading refuse vehicle may forget to open the door of the 
hopper before attempting to move a load into the hopper. Such a mistake may 
result in spilled refuse distributed on the vehicle and the adjacent ground. 
Another example might occur when the operator extends the packer to push the 
refuse out of the refuse container without remembering to open the tailgate. In 
this situation, the refuse would be pressed up against the tailgate by the packer 
with tremendous force. This may result in significant and costly damage to the 
refuse vehicle. 

[0008] Accordingly, it would be desirable to provide a control system for a 
refuse vehicle having a refuse loader which overcomes one or more of the 
above-mentioned problems. Advantageously, such a control system would 
enhance many aspects of refuse collection and transportation. The techniques 
below extend to those embodiments which fall within the scope of the 
appended claims, regardless of whether they provide any of the above- 
mentioned advantageous features. 

SUMMARY OF THE INVENTION 

[0009] A refuse vehicle is disclosed comprising a refuse loader capable of 
moving a load of refuse along a path and into the refuse vehicle and an 
electronic control system capable of controlling the refuse loader. The refuse 
loader controlled by the electronic control system is capable of moving the load 
along the path and performing an operation in relation to a position along the 
path. 

[0010] According to another embodiment, a refuse vehicle is disclosed 
comprising a refuse loader, the refuse loader being capable of moving a load 
along a path and into the refuse vehicle. The refuse vehicle further includes an 
electronic control system capable of controlling movement of the refuse loader 
along the path. The refuse loader controlled by electronic control system is 
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capable of (a) moving the load along the path and performing an operation in 
relation to a position along the path, and (b) repeating step (a) using 
substantially the same operation and substantially the same position. 
[0011] According to another embodiment, a refuse vehicle is disclosed 
comprising a refuse loader. The refuse loader comprises arms movably mounted 
to a frame and vehicle body combination and forks movably mounted to the 
arms, the forks being capable of receiving a load. The refuse loader is capable 
of moving a load along a path and into the refuse vehicle. The refuse vehicle 
further comprises an electronic control system comprising a plurality of 
actuators, the plurality of actuators being capable of adjusting the position of 
the refuse loader. The electronic control system controls the refuse loader as 
the refuse loader moves the load along the path and into the refuse vehicle. The 
electronic control system being capable of controlling the refuse loader to 
perform an operation in relation to a position along the path. 
[0012] According to another embodiment, a method of operating a refuse 
vehicle is disclosed comprising moving a load of refuse along a path and into the 
refuse vehicle. The moving step being controlled by an electronic control 
system. The moving step also includes performing an operation in relation to a 
position along the path. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Fig. 1 is a perspective view of a refuse vehicle having a control system 

according to one embodiment of the present invention. 

[00141 Fig. 2 is a block diagram of a refuse vehicle control system. 

[0015] Fig. 3 is a block diagram of a refuse vehicle control system capable of 

controlling the identified components of a refuse vehicle. 

[0016] Fig- 4 is a block diagram showing selected aspects of the control 

system of Fig. 3 in greater detail. 

[0017] Fig. 5 is a flowchart showing a method for loading refuse into a refuse 
vehicle while maintaining the refuse load in a substantially horizontal position- 
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[0018] Fig. 6 is a flowchart showing a method for shaking a load of refuse a . 
preset number of times to dislodge any stuck refuse. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0019] Referring to Fig. 1, one embodiment of a refuse vehicle 10 is 
illustrated. By way of overview, the refuse vehicle 10 generally includes a 
chassis and a vehicle body mounted on the chassis, with the chassis and the 
vehicle body in combination including an operator compartment 1 6 capable of 
receiving a human operator. The operator compartment 1 6 further Includes 
steering and throttle controls for receiving operator inputs to control the 
movement of the refuse vehicle 10 along a road. A refuse loader 110 may be 
mounted to refuse vehicle 10, and can be configured to move a load of refuse 
along a path and into the refuse vehicle 1 0. 

[0020] It should be understood that Fig. 1 merely illustrates one embodiment, 
and the refuse vehicle 10 may include a variety of configurations. For example, 
in Fig. 1 , the refuse vehicle 10 includes a front loading refuse loader. However, 
it should be understood that the applicability of the present disclosure is not 
limited to front loading refuse vehicles. Rather, other types of refuse vehicles 
may be used such as rear loaders, side loaders, bucket loaders, automated side 
loaders, etc. It should also be noted that the teachings herein do not depend on 
the exact configuration, construction, size, or assembly of the refuse vehicle 10. 
[0021] The refuse vehicle may include a refuse container 106. The refuse 
container 106 is often configured to store the refuse as the refuse vehicle 10 
collects it. Once the refuse container 106 is full, it can be emptied at a suitable 
location or facility. The refuse container 106 can be emptied in a variety of 
ways. Two conventional methods for emptying the refuse container are gravity 
dumping and ejecting the refuse using a packer. Gravity dumping of the refuse 
is typically accomplished by raising one end of the refuse container 1 06 so that 
the force of gravity causes the refuse to fall out the other end. Ejecting the 
refuse using a packer is accomplished by opening a tailgate 1 05 at one end of 
the refuse container 106 and, using a packer, pushing the refuse out the open 
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end of the refuse container 106. The packer, not depicted in Fig. 1, can be of 
any type and configuration that is able to pack the refuse inside the refuse 
container 106. Optionally, as described above, the packer can push the refuse 
out one end of the refuse container 106, It should be understood that other 
methods of emptying the refuse vehicle 10 may be used as well. 
[0022] The refuse container 106 may further include a body 104 adjacent or 
separate from a hopper 103. Typically, when refuse is placed into the refuse 
vehicle 10, the refuse is initially deposited in the hopper 103 and then the 
packer pushes the refuse from the hopper 103 portion of the refuse container 
106 into the body 104. 

[0023] The hopper 103 illustrated in Fig. 1 may include a door that can be in 
an open or closed position. When the door is in a closed position, it can prevent 
refuse from spilling out of the hopper 103 while, for example, the refuse vehicle 
10 is traveling down a road. The door may be opened to allow the hopper 1 03 
and, thus, the refuse container 1 06 to be filled with refuse. It should be 
appreciated that the hopper 103 is not to be limited to the hopper shown in Fig. 
1 . Rather, the hopper 1 03 may be placed at various locations on a refuse 
vehicle and include a number of configurations. For example, on a rear loading 
refuse vehicle the hopper may be located to allow an operator, cart tipper, etc. 
to put refuse into the hopper. This may require the hopper's location to be 
closer to the ground for easy access by the human operator. 
[0024] The refuse loader 110, shown in Fig. 1, includes forks 109 and arms 
1 08. It should be understood that the term refuse loader is neither limited to 
including only forks 109 and arms 108 nor required to include forks 109 and 
arms 108. Rather, the term refuse loader is intended to include those 
mechanical components of a refuse vehicle that play a substantial role in moving 
a load of refuse into the refuse vehicle 1 0. This may include various 
combinations of components such as forks 109, arms 108, actuators 132, etc. 
It may also include other configurations of refuse loaders than the refuse loader 
110 shown in Fig. 1 . For example, it may include refuse loaders that are 
commonly used on side loading refuse vehicles. 
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[0025] In one embodiment, the refuse loader 110 includes an arm 108 on 
each side of the refuse vehicle 10, a cross member 107 connecting the arms 
108, and a pair of forks 109 connected to the cross member 107. The cross 
member 107 is hingedly movable relative to the arms 108 along the axis 
indicated by 91 . The forks 109 may be fixed to the cross member 107 so that 
as the cross member 107 moves along axis 91, the forks 109 move with the 
cross member 107. In another embodiment, the forks 109 may be mounted for 
movement longitudinally In relation to or in conjunction with the cross member 
107. The forks 109 are capable of being in a working. position, which is 
generally perpendicular to the arms 108, or in a stowed position, which is 
generally parallel to the arms 108, or in any position in between. As will be 
appreciated, the forks 109 may be of different sizes and configurations than 
what is shown in Fig. 1. For example, the forks 109 may be connected directly 
to the arms 1 08 without using a cross member 107. Also, although the forks 
109 are shown as being capable of being in a working or stowed position, the 
forks 109 can also be capable of being in a variety of other positions with 
respect to the arms 108 and/or cross member 107 including positions where the 
forks 109 are positioned to point towards the ground in any degree. 
[0026] The arms 1 08 are preferably configured to mount to the side of the 
refuse vehicle 10. In one embodiment, the arms 108 are movably mounted to 
the refuse vehicle 10 directly behind the operator compartment 16, The arms 
are capable of moving along the axis indicated by 92. The arms 108 are 
generally shaped in an upside down U shape, which allows the operator easy 
access to the operator compartment 16. In a preferred embodiment, the forks 
109 and arms 108 are capable of being moved at the same time. For example, 
while the arms 108 are rising, the forks 109 could be adjusted. It should be 
understood that the arms 108 can vary substantially in shape and configuration 
and be within the scope of the invention. 

[0027] Referring to Figs. 2 and 3, a refuse vehicle control system 112 
according to an embodiment of the invention is illustrated. Referring first to Fig. 
2, Fig. 2 is an overview of the preferred refuse vehicle control system 1 12 for 
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controlling the refuse vehicle 10 and/or its various components such as refuse 
loader 110 or refuse container 106. The refuse vehicle control system 1 12 
includes a plurality of interface modules 1 13a-1 13f (collectively, "the interface 
modules 1 1 3"), refuse loader I/O devices 114, refuse container I/O devices 111, 
and one or more operator interfaces 1 1 6a and 1 1 6b (collectively, "the operator 
interfaces 116"). 

[0028] The refuse vehicle control system 112 may be implemented in a 
variety of ways. In a preferred embodiment the control system controls all or a 
large majority of the operations and components of the refuse vehicle. Separate 
engine, transmission, brake, and tire inflation control systems may be provided, 
however, such control systems are preferably coupled to the control system 
1 1 2 by way of a network communication link. The control system 112 may 
also control optional equipment on the refuse vehicle 10 such as a residential 
control package or an automated carry container. In another embodiment, the 
refuse vehicle control system 112 may be implemented to control only one 
aspect of the refuse vehicle 10 such as. the refuse loader 110. The control 
system may also comprise multiple smaller control systems that are 
interconnected or separate. In an exemplary embodiment, the control system is 
an electronic control system that is microprocessor-based, 

[0029] The operator interfaces 1 1 6a and 1 1 6b each include display 1 1 8a and 
1 1 8b (collectively, ''the displays 1 1 8") and joysticks 1 1 9a and 1 1 9b 
(collectively, "the joysticks 119"). The operator interfaces 1 1 6 may be located 
in a variety of positions around the refuse vehicle 10. For example, the operator 
interface 1 1 6a may be located in the operator compartment 1 6 of the refuse 
vehicle 10 and the other operator interface 1 16b may be located at another 
location, such as a rear or side location of the refuse vehicle 10. In addition, the 
refuse vehicle 10 may be configured with more or fewer operator interfaces 
116. For example, the refuse vehicle 1 0 may be configured to have an operator 
interface 1 1 6 in an operator compartment 1 6 and also have an operator 
interface 1 16 on each side of the refuse vehicle 10. Distributing the operator 
interfaces 1 1 6 in various locations around the refuse vehicle 1 0 allows the 
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operator or operators multiple access points to control the operation of the 
refuse vehicle 10 without requiring the operator to enter the operator 
compartment 1 6 each time. 

[00301 As discussed in greater detail in connection with Fig. 3, the refuse 
loader I/O devices 114 and refuse container I/O devices 1 1 1 include actuators 
132c-132f (collectively, "the actuators 132"), position sensors 134c-134f 
(collectively, ''the position sensors 134"), limit switches 136c-136f (collectively, 
''the limit switches 136"), and other devices used to control refuse vehicle 10 
and/or its various components such as refuse loader 1 10 or refuse container 
106. As shown in Fig. 3, the actuators 132, position sensors 134, and limit 
switches 136 may be used to control the forks 109, arms 108, hopper 103, and 
packer. It should be understood that other aspects of the refuse vehicle 1 0 may 
be controlled in addition to those shown in Fig. 2. The components disclosed in 
Fig. 2 are only by way of example and should not be construed to limit the 
applicability of the present disclosure to controlling only those components. 
[0031] With regard to the forks 109, in a preferred embodiment, a position 
sensor 1 34c or limit switch 1 36c may measure movement of the forks 1 09 
along the axis 91 , Also, a limit switch 136c or position sensor 134c may be 
used to ascertain whether a fork 109 is at or near its physical limits on motion 
such as, for example, when a hydraulic cylinder nears its mechanical stop 
point(s). In another embodiment, a position sensor 134c may be used to 
determine the position of the forks 109 as a point in one axis of a multi-axis 
coordinate system. 

[0032] With regard to the arms 1 08, in a preferred embodiment, a position 
sensor 134d measures movement of the arms 108 along the axis 62. Also, a 
limit switch 136d or position sensor 134d may be used to ascertain whether the 
arm 1 08 is at or near its mechanical stops such as, for example, when a 
hydraulic cylinder reaches its end points. In another embodiment, a position 
sensor 1 34d may be used to determine the position of the arms 1 08 as a point 
in a multi-axis coordinate system. 
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[0033] With regard to the hopper 103, in a preferred embodiment, a position 
sensor 1 34e or limit switch 1 36e may be used to determine the position of the 
hopper door. Likewise, a limit switch 1 36f or position sensor 1 34f may be used 
to ascertain the position of the packer. These positions can then be fed to 
interface modules 1 13e and 1 13f respectively where the are broadcast to the 
other Interface modules 1 13 in the refuse vehicle control system 112. 
[00341 It should be noted that components of the refuse vehicle used as part 
of the refuse vehicle control system 1 1 2 may also make up other portions of the 
refuse vehicle 10. For example, the refuse vehicle control system 1 1 2 and the 
refuse loader 1 10 may both include the same actuators 1 32c and 1 32d. 
[0035] The interface modules 1 1 3 are preferably locally disposed with respect 
to the respective input and output devices to which each interface rnodule is 
coupled so as to permit distributed data collection from the plurality of input 
devices and distributed power distribution to the plurality of output devices. Of 
course, each of the interface modules 1 1 3 may, in addition, be coupled to other 
non-local input devices and output devices. Further, the control system 1 1 2 can 
also include input devices and output devices which are not connected to the 
interface modules 113. 

[0036] As shown in Fig. 3, the position indicators or sensors 1 34c-1 34f and 
the limit switches 1 36c-l 36f are connected as input devices to the interface 
modules 1 1 3c-1 1 3f . The interface modules 1 1 3c-1 1 3f thereby receive the 
position information pertaining to the position and orientation of the forks 1 09, 
arms 108, refuse loader 110 (typically determined using the position of the one 
of the refuse loader's components such as the arms 108), hopper 103, and 
packer. The actuators 1 32c-132f are connected as output devices to the 
interface modules 1 1 3c-1 1 3f . The Interface modules 1 1 3c-1 1 3f provide the 
actuators 132 with control signals to adjust the forks 109, arms 108, hopper 
103, and packer. The actuators 132, the position sensors 134, and the limit 
switches 1 36 collectively correspond to the "refuse loader I/O devices" and the 
"refuse container I/O devices" which are labeled with the reference numbers 
1 14 and 1 1 1, respectively, in Fig. 2. Other I/O devices may also be used. The 
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interface modules 1 1 3c-1 13f may be located near or on the forks 109, arms 
108, hopper 103, or packer of the refuse vehicle 10, or, alternatively, the 
interface modules 1 1 3c-1 13f may be located anywhere on the refuse vehicle 
10, for example, near where the arms 108 connect to the refuse vehicle 10. 
[0037] The position sensors 1 34 may be encoders, resolvers or other suitable 
position measuring devices. The actuators 132 may be electrically, 
mechanically, or hydraulically controlled valves that control the flow of hydraulic 
power to the refuse loader 1 10 or refuse container 103 and individually to the 
forks 109, arms 108, hopper 103, and packer. Alternatively, the actuators may 
be an electric motor. Other arrangements could also be used. 
[0038] The joysticks 1 1 9 are preferably multi-axis joysticks, with the refuse 
vehicle control system 112 being capable of receiving operator inputs from 
either joystick 1 1 9a, 1 1 9b and using the operator inputs to control the various 
components of the refuse vehicle 10. Preferably, the joysticks 1 1 9 can 
selectively control the refuse loader 110. However, it should be understood that 
the joysticks 1 1 9 may also be configured to control the refuse container and its 
various components such as the hopper door, tailgate 105, packer, etc. 
[0039] The joysticks 1 1 9 may be configured to control the refuse loader 1 1 0 
as follows. For example, the joysticks may be two-axis joysticks, with left to 
right corresponding to forks 109 raise/lower, forward and back corresponding to 
arms 1 08 raise/lower. In this configuration, the forks 109 are fixed to the cross 
member 107. In an alternative embodiment, the forks 109 may be capable of 
moving longitudinally in relation to the cross member 107. In this situation, a 
momentary pushbutton may be used so that when depressed, left and right 
movement of the joystick corresponds to forks 1 09 widen/narrow. Additionally, 
a three-axis joystick may be used where twisting the joystick clockwise and 
counterclockwise corresponds to forks 109 widen/narrow. Additional or 
alternative operator input devices may be used depending on what type of 
operator input is desired. 

[0040] Because the joysticks 1 1 9 are coupled to the actuators 1 32 through 
the refuse vehicle controller 1 60, the refuse vehicle controller 1 60 can process 
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the operator inputs from the joysticks 1 1 9 to provide user-friendly control of the 
actuators 1 32. For example, the refuse vehicle controller 160 may be 
programmed to increase the speed of movement of the arms 1 08 as the 
operator maintains a particular joystick position. For example, if the operator 
holds the joystick 1 1 9a or 1 1 9b in the left position, the speed of upward 
movement of the forks 109 may be programmed to increase the longer the 
joystick-left position is maintained. 

[0041] Referring now to Fig. 4, the arrangement of Figs. 2 and 3 can be used 
to implement a variety of advantageous features or operations, such as auto 
load, component cushioning, component interaction control, and other features. 
Fig. 4 is a block diagram of a refuse vehicle control system 112 that implements 
such features. The refuse vehicle control system 112 comprises the operator 
interface 11 6, a refuse vehicle controller 1 60, the actuators 1 32, the position 
sensors 134, and a plurality of other input devices. 
[0042] In a preferred embodiment, the refuse vehicle controller 160 is 
implemented using interface modules, and preferably comprises the interface 
modules 1 1 3c-1 1 3f of Figs. 2 and 3. According to this arrangement, all of the 
interface modules 113 are preferably identically programmed, and the interface 
modules 113 each include control programs which implement a plurality of 
control modules 161 including an auto load module 164, component interaction 
control module 162, and component cushioning module 168. In one example, 
the interface module 1 13c receives I/O status information from other interface 
modules 113 through I/O status broadcasts, and maintains an I/O status table 
based on the I/O status broadcasts and based on locally acquired/determined I/O 
status information. The interface module 1 13c then controls the actuators 132c 
by executing those portions of the control programs pertinent to the actuators 
132c and using the I/O status information stored in its I/O status table. The 
interface module 1 1 3d operates in the same manner, except that it controls the 
actuators 1 32d by executing those portions of the control programs pertinent to 
the actuators 1 32d. Interface modules 1 1 3e and 1 1 3f operate similarly to 1 1 3c 
and 1 1 3d as described. As a practical matter, there is a significant overlap 
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between the portions of the control program pertinent to the actuators 1 32c and 
the portions of the control program pertinent to the actuators 1 32d. The 
interface modules 1 13a and 1 13b are not shown in Fig. 5, although it is to be 
understood that the input information from the operator interfaces 1 1 6 is 
received by the interface modules 1 13a and 1 13b and transmitted from the 
interface modules 1 1 3a and 1 1 3b to the interface modules 1 1 3c-1 1 3f in the 
form of an I/O status broadcast over the communication network 60. This 
configuration is preferred where the control system 1 1 2 is part of a larger 
control system that controls all or a large majority of the operations and 
components of the refuse vehicle, as previously described. 
[0043] If the control system 1 1 2 is dedicated to refuse loader control, then 
preferably alternative configurations are employed. For example, the refuse 
vehicle controller 1 60 may be implemented using a single electronic control unit. 
[0044] The auto load 1 64, component interaction control 1 62, component 
cushioning 1 68, and other operations and features will now be described in 
greater detail. 

1 . Auto Load 

[0045] As shown in Fig. 4, the refuse vehicle controller 160 has an auto load 
module 1 64 that assists the operator in dumping a load of refuse into the 
hopper 1 03. The refuse vehicle controller 1 60 assists the human operator in 
performing various repetitive operations that are part of loading refuse in the 
hopper 103. The refuse vehicle controller 160 is capable of repeatedly 
performing the same operation at the same position(s) within the auto load 
sequence with a degree of precision that a human operator is unable to achieve. 
[0046] As explained above, the refuse vehicle 10 can be configured to move a 
load along a path and into the refuse vehicle 10 using the refuse loader 110. In 
a preferred embodiment, the operator inputs position information into the refuse 
vehicle controller 1 60 using one of the operator interfaces 116 shown in Fig, 4. 
The position information corresponds to at least one position of the refuse 
loader 110 along the path. The position information is then used by the refuse 
vehicle controller 1 60 to perform at least one operation in relation to the 
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position. Tlie various types of operations are discussed further in the following. 
The position information may be entered in a number of ways and is not to be 
limited to being entered by the operator. For example, the position information 
may be entered by the manufacturer or in some other manner. 
[0047] As shown in Fig. 4, operator inputs are received from one of the 
operator interfaces 116 and transmitted by the appropriate interface modules 
1 1 3a or 1 1 3b in the form of I/O status broadcasts to all of the interface 
modules including the interface modules 1 1 3c and 1 1 3d, which form the refuse 
vehicle controller 1 60. The refuse vehicle controller 1 60 acquires the operator 
inputs and processes (e.g. scales, amplifies, power conditions, etc.) the inputs 
to generate control signals to control motion of the refuse loader 110. The 
operator inputs are also provided to the component interaction control module 
1 62 (the above-mentioned processing may be performed before and/or after, the 
operator inputs are provided to the component interaction control module 1 62). 
Schematically, a selector switch 1 75 is shown in Fig. 4 to indicate that the 
component interaction control module 1 62 uses inputs from one of the operator 
interfaces 1 1 6 as opposed to inputs from one of the modules 1 64 and 1 68, but 
it will be understood that the selector switch 175 is representative of logic that 
is implemented in the control program executed by the refuse vehicle controller 
160. 

[0048] One of the operations in which the auto load module 1 64 can assist 
the human operator is by keeping the refuse load level 1 70 as it travels along 
the path into the refuse vehicle 10. By way of explanation, the path includes 
the path that the refuse loader 1 1 0 and its various components travel in 
performing the operation of picking up a refuse bin, dumping it in the hopper 
103, and placing it back on the ground. 

[0049] Maintaining the load in a level position can be accomplished in a 
number of ways. One exemplary embodiment is depicted in Fig. 5. At step 
200, the operator initially inputs a position along the path. Alternatively, this 
position may be retrieved from a memory of the controller 1 60. Assuming the 
position is received from the operator, the operator may input the position of 
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refuse loader 1 1 0 as a percentage of the overall path. For example, the 
operator inputs a position corresponding to 50% of the path. A further example 
may be for the operator to simply specify a particular position, by touching or 
otherwise, on a graphical representation of the path. Any of these methods is 
within the scope of the disclosed control system. As yet another example, the 
operator may input the position of the refuse loader 1 1 0 as a point in three 
dimensional space such as in the form of x, y, z coordinates. In addition, to 
entering position input, the operator may alternatively enter other input such as 
the angle at which the refuse vehicle control system should maintain the load 
until it reaches the operator input position. 

[0050] After the position is entered or retrieved from memory, the operator 
can then initiate the auto load operation as shown at step 202. Preferably this 
is done by simply pushing a single button or some other equivalent single input 
on the part of the operator. However, other ways of initiating the auto load 
sequence are within the scope of the disclosed control system. 
[0051] At step 204, the position of the refuse loader 1 10 Is acquired. 
Preferably, the position of the refuse loader 110 can be obtained by measuring 
the position of the refuse loader's 110 various components, such as the arms 
108 or forks 109. However, the position of the refuse loader 1 10 may also be 
obtained by other entirely different methods such as measuring the time since 
the auto load operation commenced and comparing that time to a calibrated 
stored time of how long it takes the refuse loader to reach the unload position. 
[0052] At steps 206 and 208 the current position of the refuse loader 1 1 0 is 
compared to the position input by the operator. If the current position is above 
the input position then the load is no longer maintained in a substantially 
horizontal position, and the process proceeds to step 216. However, if the 
current position of the refuse loader 1 10 is below the operator input position 
then the process moves from step 208 to step 210. 

[0053] At step 210, the position of the forks 109 are acquired and at step 
212 analyzed to determine whether the forks 109 and/or load are substantially 
horizontal. Preferably, step 210 uses the position information from the position 
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sensors to determine whether the load is substantially horizontal. However, 
determining whether the load is in a substantially horizontal position can be 
accomplished in other ways. For example, a sensor or sensing system may be 
employed that is mounted along an axis and that is capable of providing 
information regarding the orientation of the mounting axis relative to horizontal. 
[0054] If the forks 109 are substantially horizontal then the process moves 
back to step 206. If the forks 10.9 are not substantially horizontal then the fork 
control signal is adjusted to bring the forks 1 09 into a substantially horizontal 
position. 

[0055] At step 21 6, the load can be gradually tipped to prepare the load to be 
unloaded in the hopper 103. Thereafter, when performing the auto load 
process, the operator does not need to reenter the position information into the 
refuse vehicle controller 160. The operator only needs to initiate the loading 
sequence as shown in step 202. 

[0056] ^ Depending on the complexity of the trajectory, it may be desirable to 
decompose the trajectory into a series of movements separated by a series of 
intermediate positions. The actuators 132 may then be controlled differently 
during different portions of the trajectory. 

[0057] While Figs. 4 and 5 generally disclose using a feedback control loop to 
maintain the load in a substantially horizontal position, other methods may be 
used such as creating a velocity profile including the position of the arms 1 08 at 
various intervals along the path and the corresponding position of the forks 1 09 
in a level position. In this way, the velocity profile could be used so that for a 
given position of the arms 1 08 along the path, the forks 1 09 would be adjusted 
to make the forks 109 level. 

[0058] Another operation in which the auto load module 1 64 can assist the 
human operator is by shaking the load 1 80 once the load reaches an unload 
position along the path to dislodge any remaining refuse. One embodiment of 
this process is shown generally in Fig. 6. Before describing Fig. 6, it may be 
noted that the operation of shaking the load 1 80 and leveling the load 1 70 may, 
preferably, be combined and performed as part of the same of same auto load 
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operation. However, if desired, the auto load operation does not have to include 
both operations and can include one operation without the other. Also, the auto 
load operation may also include further operations in addition to leveling the load 
1 70 and shaking the load 180 in a variety of combinations. 
[0059] Referring to Fig. 6, Fig. 6 discloses that after leveling the load 170, 
the load continues along the path. As the load continues toward the hopper 
103, the refuse loader's 110 position is continually acquired and compared to 
the input position as shown in steps 300 and 302. The input position referred 
to in step 302 may be either set by the manufacturer or set by the operator or 
set in some other manner. Generally the position corresponds to an unload 
position near the hopper 103. 

[0060] If the refuse loader 1 1 0 has not reached the input position then the 
process moves from step 304 back to step 302. If the refuse loader 1 1 0 has 
reached the position then the refuse loader 1 10 is shaken a number of times to 
dislodge any stuck refuse. The number of times the refuse loader 1 10 is shaken 
can be input by the operator as part of step 200 or step 202 or can be input by 
the manufacturer so that the operator cannot modify the number of shakes. 
Shaking the load is typically accomplished using short repetitive movements of 
the refuse loader 110 and its components in opposite directions. 
[00611 In another configuration, rather than using stored position inputs, the 
refuse controller 1 60 stores information that permits the simulation of operator 
inputs. For example, during a set-up configuration, operator inputs may be 
received from the joysticks 1 1 9 such that the refuse loader 1 1 0 is operated 
under operator control. During operator control, input signals from the joysticks 
1 1 9 are stored in memory of the controller 1 60, thereby allowing "playback" of 
the input signals at a later time by the controller 1 60. 

2. Component Interaction Control 
[0062] Referring back to Fig. 4, the refuse vehicle controller 1 60 has a 
component interaction module 1 62 that assists the operator by preventing 
potentially harmful actions from being executed. Examples of many of the 
operations performed by the component interaction module 1 62 are given. 
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[0063] One example of the operation of the component interaction module 
1 62 is when the operator attempts to move a load into the hopper 1 03 but the 
hopper's door is closed. This situation can be avoided using the component 
interaction module 1 62. In one instance, the operator may attempt to auto load 
the load into the refuse vehicle 1 0. The operator's input initializing the auto load 
operation will be input into and analyzed by component interaction module 162. 
Component interaction module 1 62 determines whether the hopper door is 
open. If it is not open, the component interaction module 1 62 intercepts the 
input and prevents the auto load module 1 64 from initializing the auto load 
operation. In a preferred embodiment, the refuse vehicle control system 112 
displays an error message on the operator interface 116 informing the operator 
of the problem. In another instance, the operator may attempt to manually 
move a load into the refuse vehicle 1 0 when the hopper door is shut. The 
component interaction module 1 62 determines whether there is a load on the 
refuse loader 110 before allowing the refuse loader 1 1 0 to be raised into a 
stowed position. If there is a load on the refuse loader 110, the component 
interaction module 162 may allow the load to only be moved a certain 
percentage of the distance along the path towards the hopper 103. Once that 
position is reached then the load could not be moved any further. In still 
another instance, the component interaction module may allow the refuse loader 
1 10 to be moved toward the hopper 103 when the hopper door is closed only if 
the forks 1 09 are in a stowed position that is substantially parallel to the arms 
108, thus signifying that there is no load on the refuse loader 110. 
[0064] Another example of the operation of the component interaction module 
1 62 is when the operator attempts to move a load into the hopper 103 when 
the packer is not at a home position, in a manner similar to preventing a load 
from being dumped when the hopper door is closed, the component interaction 
module serves to prevent the refuse from being unloaded into the hopper 1 03 
when the packer is out of position. In this situation, the component interaction 
module 1 62 ensures that before a load is dumped in the hopper the packer must 
be at home. If the packer is not at home the component interaction module may 
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perform many of the same functions described above to prevent the refuse 
loader 110 from moving a load to the hopper 103. 

[0065] A further example of the operation of the component interaction 
module 1 62 is when the tailgate 1 05 is raised to enable the refuse to be pushed 
or dumped out the of the refuse container 106. For example, if the refuse 
vehicle 10 is a gravity dump vehicle then the component interaction module 
would ensure that the tailgate 105 could be opened and the refuse container 
106 lifted only after the other components of the refuse vehicle 10, e.g., the 
refuse loader 110, are in their stowed positions. If, for example, the forks 109 
were not in a stowed position then the refuse container 106 could not be raised 
and/or the tailgate 105 opened. In an ex.emplary embodiment, an error message 
would be displayed on the operator interface notifying the operator of the 
problem. If the refuse vehicle 10 uses the packer to push the refuse out the 
back of the vehicle then the component interaction module 162 would not allow 
the packer to extend beyond the hopper portion of the refuse container 106 
unless the tailgate 105 is open. Also, once the tailgate 105 is open and/or the 
packer is extended beyond the hopper 103 then the other components of the 
refuse vehicle 10, e.g., the refuse loader 110, could not be used until the packer 
is at home and the tailgate 105 is closed. 

[0066] The component interaction module 1 62 can also be used to prevent 
other potentially harmful component interactions. For example, if the refuse 
vehicle 10 is a gravity dump type vehicle or is capable of raising the refuse 
container 1 06 in order to service the vehicle then the component interaction 
module 1 62 can function to prevent the refuse container from being raised 
unless the refuse loader 1 10 is in a stowed position. Similarly, if the refuse 
container 106 is raised, the component interaction module 162 can prevent the 
front loader 110 from being moved from a stowed position. 

3. Component Cushioning 
[0067] Referring back to Fig. 4, the refuse vehicle controller 160 has a 
component cushioning module 1 68 that assists the operator by preventing the 
components of the refuse vehicle 10 from reaching their mechanical stop points. 
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Typical mechanical stop points include points where a hydraulic cylinder reaches 
its physical limits or where components physically meet each other or the refuse 
vehicle 10. 

[0068] The component cushioning module 1 68 constantly monitors the 
position of various components and ensures that they do not meet their 
mechanical stop points. For example, during the auto load sequence, the 
component cushioning module 168 is given the position of the refuse loader 110 
and its components, namely, the arms 108 and forks 109. If the operator has 
input a position to perform the shaking operation 180 that is too close to the 
mechanical stops of the arms 108, for example, then the component cushioning 
module 1 68 will adjust the operator's input accordingly to keep it a specified 
distance from the mechanical stops. The distance may be set by the operator 
as an input or may be set by the manufacturer. One exemplary distance is 4 
inches from the mechanical stops of a component. However, other distances, 
such as between 2 and 5 inches will work as well. 

[0069] As previously noted the construction and arrangement of the various 
aspects of the refuse vehicle control system 1 1 2 shown in the preferred and 
other exemplary embodiments are illustrative only. Although only a few 
embodiments of the present inventions have been described in detail in this 
disclosure, those skilled in the art who review this disclosure will readily 
appreciate that many modifications are possible without materially departing 
from the novel teachings and advantages of the subject matter recited in the 
claims. Accordingly, all such modifications are intended to be included within 
the scope of the present Invention as defined in the appended claims. The order 
or sequence of any process or method' steps may be varied or re-sequenced 
according to alternative embodiments. Other substitutions, modifications, 
changes and omissions may be made in the design, operating conditions and 
arrangement of the preferred and other exemplary embodiments without 
departing from the scope of the present inventions as expressed in the 
appended claims. 
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WHAT IS CLAIMED IS: 

1. A refuse vehicle comprising: 

a refuse loader capable of moving a load of refuse along a path and 
into the refuse vehicle; 

an electronic control system capable of controlling the refuse 

loader; and 

wherein the refuse loader controlled by the electronic control 
system is capable of moving the load along the path and performing an 
operation in relation to a position along the path. 

2, The refuse vehicle of claim 1 , wherein the operation includes 
maintaining the load in a substantially horizontal position as the load moves 
between two positions along the path. 

3^ The refuse vehicle of claim 1, wherein the operation includes shaking 
the load at an unload position along the path. 

4. The refuse vehicle of claim 3, wherein the load is shaken a preset 
number of times. 

5. The refuse vehicle of claim 4, wherein an operator inputs the number 
of times to shake the load. 

6. The refuse vehicle of claim 1, wherein the operation includes slowing 
the movement of the refuse loader as it nears the position along the path. 

7. The refuse vehicle of claim 6, wherein the position along the path 
corresponds to a mechanical stop. 

8. The refuse vehicle of claim 1 ; wherein the refuse loader controlled by 
the electronic control system Is also capable of moving the load along the path 
and performing an operation in relation to a position along the path in response 
to a single operator input. 
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9. The refuse vehicle of claim 1, further comprising position sensors 
capable of determining the position of the refuse loader. 

10. The refuse vehicle of claim 1, wherein an operator inputs the 
position along the path. 

1 1 . The refuse vehicle of claim 1 0, wherein the position is stored in 
memory. 

1 2. The refuse vehicle of claim 1 , further comprising a graphical 
interface capable of displaying the refuse loader's position as it moves along the 
path. 

1 3. The refuse vehicle of claim 1 2, wherein the graphical interface 
displays the refuse loader's position using numerical percentages or by 
displaying a graphical representation of the refuse loader. 

1 4. The refuse vehicle of claim 1 3, further comprising arms and forks, 
wherein the graphical interface diisplays the position of the arms or forks. 

1 5. The refuse vehicle of claim 1 , wherein the load is a refuse 
receptacle. 

1 6- The refuse vehicle of claim t, further comprising arms and forks. 

1 7. The refuse vehicle of claim 16, further comprising position sensors 
capable of determining the position of the arms or the forks. 

1 8. A refuse vehicle comprising: 

a refuse loader, the refuse loader being capable of moving a load 
along a path and into the refuse vehicle; and 

an electronic control system capable of controlling movement of 
the refuse loader along the path; 

wherein the refuse loader controlled by electronic control system is 

capable of: 
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(a) moving the load along the path and performing an 
operation in relation to a position along the path; and 

(b) repeating step (a) using substantially the same 
operation and substantially the same position. 

19. A refuse vehicle comprising: 
a refuse loader comprising 

arms movably mounted to a frame and vehicle body 

combination; 

forks movably mounted to the arms, the forks being capable 
of receiving a load; 

wherein the refuse loader is capable of moving a load along a 
path and into the refuse vehicle; 

an electronic control system comprising 

a plurality of actuators, the plurality of actuators being 
capable of adjusting the position of the refuse loader; 

wherein the electronic control system controls the refuse 
loader as the refuse loader moves the load along the path and into the 
refuse vehicle, the electronic control system being capable of controlling 
the refuse loader to perform an operation in relation to a position along 
the path; 

20, A refuse vehicle comprising: 

(A) a refuse loader comprising 

(1 ) arms movably mounted to a frame and vehicle body 

combination; 

(2) forks movably mounted to the arms, the forks being 
capable of receiving a load; 

(B) a power distribution and control system, the power 
distribution and control system further including 

(1) a power source; 

(2) a power transmission link; 
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(3) a plurality of output devices, the plurality of output 
devices including a plurality of actuators capable of adjusting tlie position 
of the refuse loader; 

(4) a plurality of input devices, the plurality of input 
devices including a plurality of position indicators capable of providing 
position information pertaining to the position of the arms or forks; 

(5) a communication network, and 

(6) a plurality of microprocessor-based interface modules, 
the plurality of interface modules being coupled to the power source by 
way of the power transmission link, the plurality of interface modules 
being interconnected to each other by way of the communication 
network, and the plurality of interface modules being coupled to the 
plurality of input devices and to the plurality of output devices by way of 
respective dedicated communications links, and the plurality of interface 
modules including an interface module that is coupled to at least some of 
the plurality of position sensors and at least some of the plurality of 
actuators; 

wherein the plurality of interface modules, the plurality of input 
devices, and the plurality of output devices are distributed throughout the refuse 
vehicle; and 

wherein each respective interface module is locally disposed with 
respect to the respective input and output devices to which the respective 
interface module is coupled so as to permit distributed data collection from the 
plurality of input devices and distributed power distribution to the plurality of 
output devices. 

21 . A refuse vehicle comprising: 
a refuse loader; 
a hopper including a door; and 

an electronic control system capable of controlling the refuse 

loader; 
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wherein the electronic control system is capable of preventing the 
refuse loader from moving a load into the hopper if the door is not in an open 
positiori. 

22. The refuse vehicle of claim 21, wherein the electronic control 
system prevents the refuse loader from rhoving In the direction of the hopper if 
the refuse loader is beyond a position along a path, the path being the path 
traveled by the refuse loader during the process of moving the load into the 
hopper. , 

23. The refuse vehicle of claim 22, wherein the position is set by the 
manufacturer. 

24. The refuse vehicle of claim 22, wherein the position is located on a 
portion of the path between a halfway position and an end position near the 
hopper. 

25. A refuse vehicle comprising: 
a refuse loader; 

a hopper; 
a packer; and 

an electronic control system capable of controlling the refuse 

loader; 

wherein the electronic control system is capable of preventing the 
refuse loader from moving a load into the hopper if the packer is not at a home 
position. 

26. A refuse vehicle comprising: 
a refuse loader; 

a refuse container capable of being raised; and 

an electronic control system capable of controlling the refuse 

loader; 

wherein the electronic control system is capable of preventing the 

refuse loader from moving if the refuse container is in a raised pos'rtion. 
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27. The refuse vehicle of claim 26, wherein the electronic control 
system is capable of controlling the refuse container and is capable of 
preventing the refuse container from being raised if the refuse loader is not in a 
stowed position. 

28. A method of operating a refuse vehicle comprising: 

moving a load of refuse along a path and into the refuse vehicle, 
the moving step being controlled by an electronic control system, the moving 
step including performing an operation in relation to a position along the path. 

29. The method of claim 28, wherein the operation includes 
maintaining the load in a substantially horizontal position as the load moves 
between two positions along the path. 

30. The method of claim 28, wherein the operation includes shaking 
the load at an unload position along the path. 

31 . The method of claim 29, wherein the load is shaken a preset 
number of times. 

32. The method of claim 31, wherein an operator inputs the number of 
times to shake the load. 

33. The method of claim 28, wherein the moving step is performed in 
response to a single operator input. 

34. The method of claim 28, wherein an operator inputs the position 
along the path. 

35. The method of claim 34, wherein the position is stored in memory. 

36. The method of claim 28, wherein the load is a refuse receptacle. 

37. The method of claim 28, wherein the refuse vehicle further 
comprises arms and forks. 
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38. The method of claim 37, wherein the refuse vehicle includes 
position sensors capable of determining the position of the arms or the forlcs. 

39. The method of claim 28, wherein the moving step is performed by 
a refuse loader. 

40. The method of claim 39, wherein the refuse vehicle includes 
position sensors capable of determining the position of the refuse loader. 

41 . The method of claim 39, wherein the operation includes slowing 
the movement of the refuse loader as it nears the position along the path. 

42. The method of claim 41 , wherein the position along the path 
corresponds to a mechanical stop. 

43. The method of claim 39, wherein the refuse vehicle includes a 
graphical interface capable of displaying the refuse loader's position as it moves 
along the path. 

44. The method of claim 43, wherein the graphical interface displays 
the refuse loader's position using numerical percentages or by displaying a 
graphical representation of the refuse loader. 

45. The method of claim 39, wherein the refuse loader is controlled by 
the electronic control system while moving a load. 

46. A method of controlling a refuse vehicle having an electronic 
control system comprising: 

moving a load of refuse along a path and into the refuse vehicle, 
the moving step being controlled by the electronic control system, the moving 
step including performing an operation in relation to a position along the path. 

repeating the moving step including performing the same operation 
at the same position along the path. 
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REFUSE VEHICLE CONTROL SYSTEM AND METHOD 

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS 

[0001] This application is a continuation-in-part of U.S. Ser. No. 09/927,946, 
filed August 10, 2001, pending, which is a continuation-in-part of U.S. Ser. No. 
09/384,393, filed August 27, 1999, now U.S. Pat. No. 6,421,593, which is a 
continuation-in-part of U.S. Ser. No. 09/364,690, filed July 30, 1999, 
abandoned, each of which is hereby expressly incorporated by reference. This 
application also claims priority to U.S. Prov. No. 60/342,292, filed December 
21, 2001, also hereby expressly incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to the field of refuse vehicles. 
More specifically, the present invention relates to refuse vehicle control systems 
for refuse vehicles. 

BACKGROUND OF THE INVENTION 

[0003] Various vehicles are known for use in collecting and transporting 
refuse. Refuse vehicles often employ a refuse loader to load refuse into the 
refuse vehicle's refuse container. One example of such a refuse loader is a 
refuse vehicle having a front loader. Such front loaders typically comprise a pair 
of arms and forks which are movable with electric, hydraulic, or pneumatic 
actuator systems. When loading refuse, the front loader's forks may be 
received by a refuse bin. The arms may then be raised which, in turn, raises the 
forks and the refuse bin. In this manner, the refuse bin may be raised over the 
cab of the refuse vehicle where the refuse can be deposited into a hopper. 
Typically, this process of loading refuse is controlled by a human operator. 
[0004] Unfortunately, this process has a number of disadvantages. In some 
situations, a portion of the refuse fails to fall out of the refuse bin and into the 

-1- . 
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hopper. In these situations, the operator can shalce the refuse bin a few times 
to loosen the refuse. Typically, the operator shakes the refuse bin by moving 
either or both the forks and arms in short repetitive movements. The forks and 
arms are often near mechanical stops when these short repetitive movements 
occur. Unfortunately, these repetitive movements may result in the arms and 
forks reaching their mechanical stops causing undue wear and tear on the front 
loader. This wear and tear may decrease the operative life of the front loader 
and result in increased repair and maintenance costs. 

[0005] In other situations, refuse vehicles having front loaders may spill refuse 
on the ground as the refuse bin is being lifted. This is often a problem when the 
refuse bin has been overfilled. As the arms and forks rise, the forks and refuse 
bin gradually transition from being in largely a horizontal position to a more 
vertical position in preparation for the refuse bin to be dumped in the hopper. 
During this transition, refuse may be spilled. When refuse spills, the operator 
must exit the refuse vehicle, manually load the refuse into the refuse bin, reenter 
the refuse vehicle, and, using the front loader, empty the refuse bin. This 
process results in a significant loss of efficiency for the operator of the refuse 
vehicle. In addition to the efficiency loss, some of the spilled refuse may be 
blown away or scattered such that it would take too much of the operator's 
time to put it back in the refuse bin. The result may be refuse distributed near 
and around the location of a refuse bin. This is very undesirable aesthetically 
and may have significant negative environmental impacts on the surrounding 
area. 

[0006] Further, in other situations, the operator of the refuse vehicle may 
have difficulty determining the location of the arms and forks. This may 
especially be a problem when the arms and forks are located above the cab of 
the refuse vehicle and out of sight of the operator. The operator may need to 
be able to quickly determine the position of the forks or arms, e.g., the operator 
needs to know whether the forks are stowed in preparation for the refuse 
vehicle to travel. Unfortunately, the operator is typically limited to visually 
verifying the position of the arms and forks. 
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[0007] In other situations, the operator may not be aware of the position of 
the various components of the refuse vehicle and attempt to perform a function 
that may result in damaging the refuse vehicle or spilling refuse. For example, 
an operator of a front loading refuse vehicle may forget to open the door of the 
hopper before attempting to move a load into the hopper. Such a mistake may 
result in spilled refuse distributed on the vehicle and the adjacent ground. 
Another example might occur when the operator extends the packer to push the 
refuse out of the refuse container without remembering to open the tailgate. In 
this situation, the refuse would be pressed up against the tailgate by the packer 
with tremendous force. This may result in significant and costly damage to the 
refuse vehicle. 

[0008] Accordingly, it would be desirable to provide a control system for a 
refuse vehicle having a refuse loader which overcomes one or more of the 
above-mentioned problems. Advantageously, such a control system would 
enhance many aspects of refuse collection and transportation. The techniques 
below extend to those embodiments which fall within the scope of the 
appended claims, regardless of whether they provide any of the above- 
mentioned advantageous features. 

SUMMARY OF THE INVENTION 

[0009] A refuse vehicle is disclosed comprising a refuse loader capable of 
moving a load of refuse along a path and into the refuse vehicle and an 
electronic control system capable of controlling the refuse loader. The refuse 
loader controlled by the electronic control system is capable of moving the load 
along the path and performing an operation In relation to a position along the 
path. 

[0010] According to another embodiment, a refuse vehicle is disclosed 
comprising a refuse loader, the refuse loader being capable of moving a load 
along a path and into the refuse vehicle. The refuse vehicle further includes an 
electronic control system capable of controlling movement of the refuse loader 
along the path. The refuse loader controlled by electronic control system is 
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capable of (a) moving the load along the path and performing an operation in 
relation to a position along the path, and (b) repeating step (a) using 
substantially the same operation and substantially the same position. 
[0011] According to another embodiment, a refuse vehicle is disclosed . 
comprising a refuse loader. The refuse loader comprises arms movably mounted 
to a frame and vehicle body combination and forks movably mounted to the 
arms, the forks being capable of receiving a load. The refuse loader is capable 
of moving a load along a path and into the refuse vehicle. The refuse vehicle 
further comprises an electronic control system comprising a plurality of 
actuators, the plurality of actuators being capable of adjusting the position of 
the refuse loader. The electronic control system controls the refuse loader as 
the refuse loader moves the load along the path and into the refuse vehicle. The 
electronic control system being capable of controlling the refuse loader to 
perform an operation in relation to a position along the path. 
[0012] According to another embodiment, a method of operating a refuse 
vehicle is disclosed comprising moving a load of refuse along a path and into the 
refuse vehicle. The moving step being controlled by an electronic control 
system. The moving step also includes performing an operation in relation to a 
position along the path. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Fig. 1 is a perspective view of a refuse vehicle having a control system 

according to one embodiment of the present invention. 

[0014] Fig. 2 is a block diagram of a refuse vehicle control system. 

[0015] Fig. 3 is a block diagram of a refuse vehicle control system capable of 

controlling the identified components of a refuse vehicle. 

[0016] Fig. 4 is a block diagram showing selected aspects of the control 

system of Fig. 3 in greater detail. 

[0017] Fig. 5 is a flowchart showing a method for loading refuse into a refuse 
vehicle while maintaining the refuse load in a substantially horizontal position. 
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[0018] Fig. 6 is a flowchart showing a method for shaking a load of refuse a . 
preset number of times to dislodge any stuck refuse. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0019] Referring to Fig. 1 , one embodiment of a refuse vehicle 10 is 
illustrated. By way of overview, the refuse vehicle 10 generally includes a 
chassis and a vehicle body mounted on the chassis, with the chassis and the 
vehicle body in combination including an operator compartment 1 6 capable of 
receiving a human operator. The operator compartment 1 6 further includes 
steering ancj throttle controls for receiving operator inputs to control the 
movement of the refuse vehicle 10 along a road. A refuse loader 110 may be 
mounted to refuse vehicle 1 0, and can be configured to move a load of refuse 
along a path and into the refuse vehicle 10. 

[0020] It should be understood that Fig. 1 merely illustrates one embodiment, 
and the refuse vehicle 10 may include a variety of configurations. For example, 
in Fig. 1, the refuse vehicle 10 includes a front loading refuse loader. However, 
it should be understood that the applicability of the present disclosure is not 
limited to front loading refuse vehicles. Rather, other types of refuse vehicles 
may be used such as rear loaders, side loaders, bucket loaders, automated side 
loaders, etc. It should also be noted that the teachings herein do not depend on 
the exact configuration, construction, size, or assembly of the refuse vehicle 10. 
[0021] The refuse vehicle may include a refuse container 106. The refuse 
container 1 06 is often configured to store the refuse as the refuse vehicle 1 0 
collects it. Once the refuse container 106 is full, it can be emptied at a suitable 
location or facility. The refuse container 1 06 can be emptied in a variety of 
ways. Two conventional methods for emptying the refuse container are gravity 
dumping and ejecting the refuse using a packer. Gravhy dumping of the refuse 
is typically accomplished by raising one end of the refuse container 1 06 so that 
the force of gravity causes the refuse to fall out the other end. Ejecting the 
refuse using a packer is accomplished by opening a tailgate 1 05 at one end of 
the refuse container 106 and, using a packer, pushing the refuse out the open 
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end of the refuse container 106. The packer, not depicted in Fig. 1, can be of 
any type and configuration that is able to pack the refuse inside the refuse 
container 106. Optionally, as described above, the packer can push the refuse 
out one end of the refuse container 106. It should be understood that other 
methods of emptying the refuse vehicle 10 may be used as well. 
[0022] The refuse container 106 may further include a body 104 adjacent or 
separate from a hopper 1 03. Typically, when refuse is placed into the refuse 
vehicle 10, the refuse is initially deposited in the hopper 103 and then the 
packer pushes the refuse from the hopper 1 03 portion of the refuse container 
106 into the body 104. 

[0023] The hopper 103 illustrated in Fig. 1 may include a door that can be in 
an open or closed position. When the door is in a closed position, it can prevent 
refuse from spilling out of the hopper 103 while, for example, the refuse vehicle 
10 is traveling down a road. The door may be opened to allow the hopper 103 
and, thus, the refuse container 106 to be filled with refuse. It should be 
appreciated that the hopper 103 is not to be limited to the hopper shown in Fig. 
1 . Rather, the hopper 1 03 may be placed at various locations on a refuse 
vehicle and include a number of configurations. For example, on a rear loading 
refuse vehicle the hopper may be located to allow an operator, cart tipper, etc. 
to put refuse into the hopper. This may require the hopper's location to be 
closer to the ground for easy access by the human operator. 
[0024] The refuse loader 110, shown in Fig. 1, includes forks 109 and arms 
108. It should be understood that the term refuse loader is neither limited to 
including only forks 109 and arms 108 nor required to include forks 109 and 
arms 108. Rather, the term refuse loader is intended to include those 
mechanical components of a refuse vehicle that play a substantial role in moving 
a load of refuse into the refuse vehicle 1 0. This may include various 
combinations of components such as forks 109, arms 108, actuators 132, etc. 
It may also include other configurations of refuse loaders than the refuse loader 
110 shown in Fig. 1 . For example, it may include refuse loaders that are 
commonly used on side loading refuse vehicles. 
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[0025] In one embodiment, the refuse loader 110 includes an arm 108 on 
each side of the refuse vehicle 10, a cross member 107 connecting the arms 
108, and a pair of forks 109 connected to the cross member 107. The cross 
member 107 is hingedly movable relative to the arms 108 along the axis 
indicated by 61 . The forks 109 may be fixed to the cross member 107 so that 
as the cross member 107 moves along axis 91 . the forks 109 move with the 
cross member 107. In another embodiment, the forks 109 may be mounted for 
movement longitudinally in relation to or in conjunction with the cross member 
107. The forks 109 are capable of being in a working. position, which is 
generally perpendicular to the arms 1 08, or in a stowed position, which is 
generally parallel to the arms 108, or in any position in between. As will be 
appreciated, the forks 109 may be of different sizes and configurations than 
what is shown in Fig. 1 . For example, the forks 109 may be connected directly 
to the arms 108 without using a cross member 107. Also, although the forks 
1 09 are shown as being capable of being in a working or stowed position, the 
forks 109 can also be capable of being in a variety of other positions with 
respect to the arms 108 and/or cross member 107 including positions where the 
forks 109 are positioned to point towards the ground in any degree. 
[0026] The arms 1 08 are preferably configured to mount to the side of the 
refuse vehicle 10. In one embodiment, the arms 108 are movably mounted to 
the refuse vehicle 10 directly behind the operator compartment 1 6. The arms 
are capable of moving along the axis indicated by 92. The arms 108 are 
generally shaped in an upside down U shape, which allows the operator easy 
access to the operator compartment 16. In a preferred embodiment, the forks 
109 and arms 108 are capable of being moved at the same time. For example, 
while the arms 1 08 are rising, the forks 109 could be adjusted. It should be 
understood that the arms 108 can vary substantially in shape and configuration 
and be within the scope of the invention. 

[0027] Referring to Figs. 2 and 3, a refuse vehicle control system 1 1 2 
according to an embodiment of the invention is illustrated. Referring first to Fig. 
2, Fig. 2 is an overview of the preferred refuse vehicle control system 1 1 2 for 
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controlling the refuse vehicle 10 and/or its various components such as refuse 
loader 1 10 or refuse container 106. The refuse vehicle control system 1 12 
includes a plurality of interface modules 1 13a-1 13f (collectively, "the interface 
modules 113"), refuse loader I/O devices 114, refuse container I/O devices 111, 
and one or more operator interfaces 1 1 6a and 1 1 6b (collectively, ''the operator 
interfaces 116"). 

[0028] The refuse vehicle control system 1 1 2 may be implemented in a 
variety of ways. In a preferred embodiment the control system controls all or a 
large majority of the operations and components of the refuse vehicle. Separate 
engine, transmission, brake, and tire inflation control systems may be provided, 
however, such control systems are preferably coupled to the control system 
1 1 2 by way of a netvvork communication link. The control system 112 may 
also control optional equipment on the refuse vehicle 10 such as a residential 
control package or an automated carry container. In another embodiment, the 
refuse vehicle control system 112 may be implemented to control only one 
aspect of the refuse vehicle 1 0 such as. the refuse loader 110. The control 
system may also comprise multiple smaller control systems that are 
interconnected or separate. In an exemplary embodiment, the control system is 
an electronic control system that is microprocessor-based. 

[0029] The operator interfaces 1 1 6a and 1 1 6b each include display 1 1 8a and 
1 1 8b (collectively, "the displays 1 1 8") and joysticks 1 1 9a and 1 1 9b 
(collectively, "the joysticks 1 1 9"). The operator interfaces 1 1 6 may be located 
in a variety of positions around the refuse vehicle 10. For example, the operator 
interface 1 1 6a may be located in the operator compartment 1 6 of the refuse 
vehicle 10 and the other operator interface 1 1 6b may be located at another 
location, such as a rear or side location of the refuse vehicle 10. In addition, the 
refuse vehicle 1 0 may be configured with more or fewer operator interfaces 
1 1 6. For example, the refuse vehicle 10 may be configured to have an operator 
interface 1 1 6 in an operator compaitment 1 6 and also have an operator 
interface 1 16 on each side of the refuse vehicle 10. Distributing the operator 
interfaces 1 1 6 in various locations around the refuse vehicle 10 allows the 
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operator or operators multiple access points to control the operation of the 
refuse vehicle 1 0 without requiring the operator to enter the operator 
compartment 1 6 each time. 

[0030] As discussed in greater detail in connection with Fig. 3, the refuse 
loader I/O devices 1 14 and refuse container I/O devices 1 1 1 include actuators 
132c-132f (collectively, "the actuators 132"), position sensors 134c-134f 
(collectively, ''the position sensors 134"), limit switches 136c-136f (collectively, 
"the limit switches 1 36"), and other devices used to control refuse vehicle 1 0 
and/or its various components such as refuse loader 1 10 or refuse container 
106. As shown in Fig. 3, the actuators 132, position sensors 134, and limit 
switches 136 may be used to control the forks 109, arms 108, hopper 103, and 
packer. It should be understood that other aspects of the refuse vehicle 1 0 may 
be controlled in addition to those shown in Fig. 2. The components disclosed in 
Fig. 2 are only by way of example and should not be construed to limit the 
applicability of the present disclosure to controlling only those components. 
[00311 With regard to the forks 109, in a preferred embodiment, a position 
sensor 1 34c or limit switch 1 36c may measure movement of the forks 1 09 
along the axis 91 . Also, a limit switch 136c or position sensor 134c may be 
used to ascertain whether a fork 109 is at or near its physical limits on motion 
such as, for example, when a hydraulic cylinder nears its mechanical stop 
point(s). In another embodiment, a position sensor 134c may be used to 
determine the position of the forks 109 as a point in one axis of a multi-axis 
coordinate system. 

[0032] With regard to the arms 1 08, in a preferred embodiment, a position 
sensor 134d measures movement of the arms 108 along the axis 92. Also, a 
limit switch 1 36d or position sensor 1 34d may be used to ascertain whether the 
arm 1 08 is at or near its mechanical stops such as, for example, when a 
hydraulic cylinder reaches its end points. In another embodiment, a position 
sensor 1 34d may be used to determine the position of the arms 1 08 as a point 
in a multi-axis coordinate system. 
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[0033] With regard to the hopper 1 03, in a preferred embodiment, a position 
sensor 1 34e or limit switch 1 36e may be used to determine the position of the 
hopper door. Likewise, a limit switch 1 36f or position sensor 1 34f may be used 
to ascertain the position of the packer. These positions can then be fed to 
interface modules 1 13e and 1 13f respectively where the are broadcast to the 
other interface modules 1 13 in the refuse vehicle control system 112. 
[0034] It should be noted that components of the refuse vehicle used as part 
of the refuse vehicle control system 1 1 2 may also make up other portions of the 
refuse vehicle 1 0. For example, the refuse vehicle control system 112 and the 
refuse loader 1 10 may both include the same actuators 132c and 132d. 
[0035] The interface modules 1 1 3 are preferably locally disposed with respect • 
to the respective input and output devices to which each interface module is 
coupled so as to permit distributed data collection from the plurality of input 
devices and distributed power distribution to the plurality of output devices. Of 
course, each of the interface modules 113 may, in addition, be coupled to other 
non-local input devices and output devices. Further, the control system 112 can 
also include input devices and output devices which are not connected to the 
interface modules 113. 

[0036] As shown in Fig. 3, the position indicators or sensors 134c-134f and 
the limit switches 136c-136f are connected as input devices to the interface 
modules 1 1 3c-1 1 3f . The interface modules 1 1 3c-1 1 3f thereby receive the 
position information pertaining to the position and orientation of the forks 109, 
arms 108, refuse loader 110 (typically determined using the position of the one 
of the refuse loader's components such as the arms 108), hopper 103, and 
packer. The actuators 1 32c-1 32f are connected as output devices to the 
interface modules 1 1 3c-1 1 3f . The interface modules 1 1 3c-1 1 3f provide the 
actuators 132 with control signals to adjust the forks 109, arms 108, hopper 
1 03, and packer. The actuators 1 32, the position sensors 1 34, and the limit 
switches 136 collectively correspond to the ''refuse loader I/O devices" and the 
"refuse container I/O devices" which are labeled with the reference numbers 
114 and 111, respectively, in Fig. 2. Other I/O devices may also be used. The 
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interface modules 1 1 3c-1 1 3f may be located near or on the forks 109, arms 
108, hopper 103, or packer of the refuse vehicle 10, or, alternatively, the 
interface modules 1 1 3c-l 13f may be located anywhere on the refuse vehicle 
10, for example, near where the arms 108 connect to the refuse vehicle 10. 
[00371 The position sensors 1 34 may be encoders, resolvers or other suitable 
position measuring devices. The actuators 1 32 may be electrically, 
mechanically, or hydraulically controlled valves that control the flow of hydraulic 
power to the refuse loader 1 10 or refuse container 103 and Individually to the 
forks 109, arms 108, hopper 103, and packer. Alternatively, the actuators may 
be an electric motor. Other arrangements could also be used. 
[0038] The joysticks 1 1 9 are preferably multi-axis joysticks, with the refuse 
vehicle control system 1 1 2 being capable of receiving operator inputs from 
either joystick 1 1 9a, 1 1 9b and using the operator Inputs to control the various 
components of the refuse vehicle 10. Preferably, the joysticks 1 1 9 can 
selectively control the refuse loader 110. However, it should be understood that 
the joysticks 1 1 9 may also be configured to control the refuse container and its 
various components such as the hopper door, tailgate 105, packer, etc. 
[0039] The joysticks 1 1 9 may be configured to control the refuse loader 1 1 0 
as follows. For example, the joysticks may be two-axis joysticks, with left to 
right corresponding to forks 109 raise/lower, forward and back corresponding to 
arms 108 raise/lower. In this configuration, the forks 109 are fixed to the cross 
member 1 07. In an alternative embodiment, the forks 1 09 may be capable of 
moving longitudinally in relation to the cross member 107. In this situation, a 
momentary pushbutton may be used so that when depressed, left and right 
movement of the joystick corresponds to forks 109 widen/narrow. Additionally, 
a three-axis joystick may be used where twisting the joystick clockwise and 
counterclockwise corresponds to forks 109 widen/narrow. Additional or 
alternative operator input devices may be used depending on what type of 
operator input is desired. 

[0040] Because the joysticks 1 1 9 are coupled to the actuators 1 32 through 
the refuse vehicle controller 160, the refuse vehicle controller 160 can process 
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the operator inputs from the joysticks 1 1 9 to provide user-friendly control of the 
actuators 1 32. For example, the refuse vehicle controller 1 60 may be 
programmed to increase the speed of movement of the arms 1 08 as the 
operator maintains a particular joystick position. For example, if the operator 
holds the joystick 1 1 9a or 1 1 9b in the left position, the speed of upward 
movement of the forks 109 may be programmed to increase the longer the 
joystick-left position is maintained. 

[0041] Referring now to Fig. 4, the arrangement of Figs. 2 and 3 can be used 
to implement a variety of advantageous features or operations, such as auto 
load, component cushioning, component interaction control, and other features. 
Fig. 4 is a block diagram of a refuse vehicle control system 112 that implements 
such features. The refuse vehicle control system 112 comprises the operator 
interface 1 1 6, a refuse vehicle controller 1 60, the actuators 1 32, the position 
sensors 1 34, and a plurality of other input devices. 
[0042] In a preferred embodiment, the refuse vehicle controller 1 60 is 
implemented using interface modules, and preferably comprises the interface 
modules 1 13c-1 13f of Figs. 2 and 3. According to this arrangement, all of the 
interface modules 1 1 3 are preferably identically programmed, and the interface 
modules 113 each include control programs which implement a plurality of 
control modules 161 including an auto load module 164, component interaction 
control module 162, and component cushioning module 168. In one example, 
the interface module 1 13c receives I/O status information from other interface 
modules 1 1 3 through I/O status broadcasts, and maintains an I/O status table 
based on the I/O status broadcasts and based on locally acquired/determined I/O 
status information. The interface module 1 13c then controls the actuators 132c 
by executing those portions of the control programs pertinent to the actuators 
132c and using the I/O status information stored in its I/O status table. The 
interface module 1 1 3d operates in the same manner, except that it controls the 
actuators 1 32d by executing those portions of the control programs pertinent to 
the actuators 1 32d. Interface modules 1 1 3e and 1 1 3f operate similarly to 1 1 3c 
and 1 13d as described. As a practical matter, there is a significant overlap 
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between the portions of the control program pertinent to the actuators 1 32c and 
the portions of the control program pertinent to the actuators 1 32d. The 
interface modules 1 1 3a and 1 1 3b are not shown in Fig. 5, although it is to be 
understood that the input information from the operator interfaces 1 1 6 is 
received by the interface modules 1 13a and 1 13b and transmitted from the 
interface modules 11 3a and 1 1 3b to the interface modules 1 1 3c-l 1 3f in the 
form of an I/O status broadcast over the communication network 60. This 
configuration is preferred where the control system 1 12 is part of a larger 
control system that controls all or a large majority of the operations and 
components of the refuse vehicle, as previously described. 
[00431 If the control system 1 1 2 is dedicated to refuse loader control, then 
preferably alternative configurations are employed. For example, the refuse 
vehicle controller 160 may be Implemented using a single electronic control unit. 
[0044] The auto load 1 64, component interaction control 1 62, component 
cushioning 168, and other operations and features will now be described in 
greater detail. 

1 . Auto Load 

[00451 As shown in Fig. 4, the refuse vehicle controller 1 60 has an auto load 
module 1 64 that assists the operator in dumping a load of refuse into the 
hopper 103. The refuse vehicle controller 1 60 assists the human operator in 
performing various repetitive operations that are part of loading refuse in the 
hopper 103. The refuse vehicle controller 160 is capable of repeatedly 
performing the same operation at the same position(s) within the auto load 
sequence with a degree of precision that a human operator is unable to achieve. 
100461 As explained above, the refuse vehicle 10 can be configured to move a 
load along a path and Into the refuse vehicle 10 using the refuse loader 110. In 
a preferred embodiment, the operator inputs position information into the refuse 
vehicle controller 160 using one of the operator interfaces 116 shown in Fig. 4. 
The position information corresponds to at least one position of the refuse 
loader 110 along the path. The posftion information is then used by the refuse 
vehicle controller 1 60 to perform at least one operation in relation to the 
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position. The various types of operations are discussed further in the following. 
The position information may be entered In a number of ways and is not to be 
limited to being entered by the operator. For example, the position information 
may be entered by the manufacturer or in some other manner. 
[0047] As shown in Fig. 4, operator inputs are received from one of the 
operator interfaces 1 1 6 and transmitted by the appropriate interfaqe modules 
1 1 3a or 1 1 3b in the form of I/O status broadcasts to all of the interface 
modules including the interface modules 1 13c and 1 1 3d, which form the refuse 
vehicle controller 160. The refuse vehicle controller 160 acquires the operator 
inputs and processes (e.g. scales, amplifies, power conditions, etc.) the inputs 
to generate control signals to control motion of the refuse loader 110. The 
operator inputs are also provided to the component interaction control module 
1 62 (the above-mentioned processing may be performed before and/or after, the 
operator inputs are provided to the component interaction control module 1 62). 
Schematically, a selector switch 175 is shown in Fig. 4 to indicate that the 
component interaction control module 1 62 uses inputs from one of the operator 
interfaces 1 1 6 as opposed to inputs from one of the modules 1 64 and 1 68, but 
it will be understood that the selector switch 1 75 is representative of logic that 
is implemented in the control program executed by the refuse vehicle controller 
160. 

[0048] One of the operations in which the auto load module 1 64 can assist 
the human operator is by keeping the refuse load level 1 70 as it travels along 
the path into the refuse vehicle 10. By way of explanation, the path includes 
the path that the refuse loader 1 1 0 and its various components travel in 
performing the operation of picking up a refuse bin, dumping It in the hopper 
103, and placing it back on the ground. 

[0049] Maintaining the load in a level position can be accomplished in a 
number of ways. One exemplary embodiment is depicted in Fig. 5. At step 
200, the operator initially inputs a position along the path. Alternatively, this 
position may be retrieved from a memory of the controller 160. Assuming the 
position is received from the operator, the operator may input the position of 
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refuse loader 1 10 as a percentage of the overall path. For example, the 
operator inputs a position corresponding to 50% of the path. A further example 
may be for the operator to simply specify a particular position, by touching or 
otherwise, on a graphical representation of the path. Any of these methods is 
within the scope of the disclosed control system. As yet another example, the 
operator may input the poshion of the refuse loader 1 10 as a point in three 
dimensional space such as in the form of x, y, z coordinates. In addition, to 
entering position input, the operator may alternatively enter other input such as 
the angle at which the refuse vehicle control system should maintain the load 
until it reaches the operator input position. 

[00501 After the position is entered or retrieved from memory, the operator 
can then initiate the auto load operation as shown at step 202. Preferably this 
is done by simply pushing a single button or some other equivalent single input 
on the part of the operator. However, other ways of initiating the auto load 
sequence are within the scope of the disclosed control system. 
[0051] At step 204, the position of the refuse loader 1 10 is acquired. 
Preferably, the position of the refuse loader 1 10 can be obtained by measuring 
the position of the refuse loader's 110 various components, such as the arms 
108 or forks 109. However, the position of the refuse loader 1 10 may also be 
obtained by other entirely different methods such as measuring the time since 
the auto load operation commenced and comparing that time to a calibrated 
stored time of how long it takes the refuse loader to reach the unload position. 
[00521 At steps 206 and 208 the current position of the refuse loader 1 1 0 is 
compared to the position input by the operator. If the current position is above 
the input position then the load is no longer maintained in. a substantially 
horizontal position, and the process proceeds to step 216. However, if the 
current position of the refuse loader 1 10 is below the operator input position 
then the process moves from step 208 to step 210. 

[00531 At step 210, the position of the forks 109 are acquired and at step 
212 analyzed to determine whether the forks 109 and/or load are substantially 
horizontal. Preferably, step 210 uses the position information from the position 



-15- 



wo 2004/052756 PCT/US2003/040103 

sensors to determine whether the load is substantially horizontal. However, 
determining whether the load is in a substantially horizontal position can be 
accomplished in other ways. For example, a sensor or sensing system may be 
employed that is mounted along an axis and that is capable of providing 
information regarding the orientation of the mounting axis relative to horizontal. 
[00541 if the forks 1 09 are substantially horizontal then the process moves 
back to step 206. If the forks 10.9 are not substantially horizontal then the fork 
control signal is adjusted to bring the forks 109 into a substantially horizontal 
position. 

[00551 At step 21 6, the load can be gradually tipped to prepare the load to be 
unloaded in the hopper 103. Thereafter, when performing the auto load 
process, the operator does not need to reenter the position information into the 
refuse vehicle controller 160. The operator only needs to initiate the loading 
sequence as shown in step 202. 

[0056] Depending on the complexity of the trajectory, it may be desirable to 
decompose the trajectory into a series of movements separated by a series of 
intermediate positions. The actuators 132 may then be controlled differently 
during different portions of the trajectory. 

[0057] While Figs. 4 and 5 generally disclose using a feedback control loop to 
maintain the load in a substantially horizontal position, other methods may be 
used such as creating a velocity profile including the position of the arms 108 at 
various intervals along the path and the corresponding position of the forks 1 09 
in a level position. In this way, the velocity profile could be used so that for a 
given position of the arms 108 along the path, the forks 109 would be adjusted 
to make the forks 109 level. 

[00581 Another operation in which the auto load module 1 64 can assist the 
human operator is by shaking the load 180 once the load reaches an unload 
position along the path to dislodge any remaining refuse. One embodiment of 
this process is shown generally in Fig. 6. Before describing Fig. 6, it may be 
noted that the operation of shaking the load 180 and leveling the load 170 may, 
preferably, be combined and performed as part of the same of same auto load 

-16- 



wo 2004/052756 PCT/US2003/040103 

operation. However, if desired, the auto load operation does not have to include 
both operations and can include one operation without the other. Also, the auto 
load operation may also include further operations in addition to leveling the load 
170 and shaking the load 180 in a variety of combinations. 
[00591 Referring to Fig. 6, Fig. 6 discloses that after leveling the load 1 70, 
the load continues along the path. As the load continues toward the hopper 
103, the refuse loader's 110 position is continually acquired and compared to 
the input position as shown in steps 300 and 302. The input position referred 
to in step 302 may be either set by the manufacturer or set by the operator or 
set in some other manner. Generally the position corresponds to an unload 
position near the hopper 103. 

10060] If the refuse loader 1 1 0 has not reached the input position then the 
process moves from step 304 back to step 302. If the refuse loader 1 10 has 
reached the position then the refuse loader 1 10 is shaken a number of times to 
dislodge any stuck refuse. The number of times the refuse loader 1 10 is shaken 
can be input by the operator as part of step 200 or step 202 or can be Input by 
the manufacturer so that the operator cannot modify the number of shakes. 
Shaking the load is typically accomplished using short repetitive movements of 
the refuse loader 1 10 and its components in opposite directions. 
100611 In another configuration, rather than using stored position inputs, the 
refuse controller 1 60 stores information that permits the simulation of operator 
inputs. For example, during a set-up configuration, operator inputs may be 
received from the joysticks 119 such that the refuse loader 110 is operated 
under operator control. During operator control, input signals from the joysticks 
1 19 are stored in memory of the controller 1 60, thereby allowing "playback" of 
the input signals at a later time by the controller 1 60. 

2. Component Interaction Control 
[0062] Referring back to Fig. 4, the refuse vehicle controller 1 60 has a 
component interaction module 162 that assists the operator by preventing 
potentially harmful actions from being executed. Examples of many of the 
operations performed by the component interaction module 1 62 are given. 
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[0063] One example of the operation of the component interaction module 
1 62 is when the operator attempts to move a load into the hopper 1 03 but the 
hopper's door is closed. This situation can be avoided using the component 
interaction module 1 62. In one instance, the operator may attempt to auto load 
the load into the refuse vehicle 10. The operator's input initializing the auto load 
operation will be input into. and analyzed by component interaction module 1 62. 
Component interaction module 162 determines whether the hopper door is 
open. If it is not open, the component interaction module 1 62 intercepts the 
input and prevents the auto load module 1 64 from initializing the auto load 
operation. In a preferred embodiment, the refuse vehicle control system 112 
displays an error message on the operator Interface 1 1 6 Informing the operator 
of the problem. In another instance, the operator may attempt to manually 
move a load into the refuse vehicle 10 when the hopper door is shut. The 
component interaction module 1 62 determines whether there is a load on the 
refuse loader 110 before allowing the refuse loader 1 10 to be raised into a 
stowed position. If there is a load on the refuse loader 110, the component 
interaction module 162 may allow the load to only be moved a certain 
percentage of the distance along the path towards the hopper 1 03. Once that 
position is reached then the load could not be moved any further. In still 
another instance, the component interaction module may allow the refuse loader 
1 10 to be moved toward the hopper 103 when the hopper door is closed only if 
the forks 109 are in a stowed position that is substantially parallel to the arms 
108, thus signifying that there is no load on the refuse loader 110, 
[0064] Another example of the operation of the component interaction module 
1 62 is when the operator attempts to move a load into the hopper 1 03 when 
the packer is not at a home position. In a manner similar to preventing a load 
from being dumped when the hopper door is closed, the component interaction 
module serves to prevent the refuse from being unloaded into the hopper 103 
when the packer is out of position. In this situation, the component interaction 
module 162 ensures that before a load is dumped in the hopper the packer must 
be at home. If the packer is not at home the component interaction module may 
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perform many of the same functions described above to prevent tlie refuse 
loader 1 10 from moving a load to the hopper 103. 

[0065] A further example of the operation of the component interaction 
module 1 62 is when the tailgate 105 is raised to enable the refuse to be pushed 
or dumped out the of the refuse container 1 06. For example, if the refuse 
vehicle 1 0 is a gravity dump vehicle then the component interaction module 
would ensure that the tailgate 105 could be opened and the refuse container 
106 lifted only after the other components of the refuse vehicle 10, e.g., the 
refuse loader 1 1 0, are in their stowed positions. If, for example, the forks 1 09 
were not in a stowed position then the refuse container 1 06 could not be raised 
and/or the tailgate 105 opened. In an exemplary embodiment, an error message 
would be displayed on the operator interface notifying the operator of the 
problem. If the refuse vehicle 10 uses the packer to push the refuse out the 
back of the vehicle then the component interaction module 162 would not allow 
the packer to extend beyond the hopper portion of the refuse container 1 06 
unless the tailgate 105 is open. Also, once the tailgate 105 is open and/or the 
packer is extended beyond the hopper 103 then the other components of the 
refuse vehicle 10, e.g., the refuse loader 110, could not be used until the packer 
is at home and the tailgate 105 is closed. 

[0066] The component interaction module 1 62 can also be used to prevent 
other potentially harmful component interactions. For example, if the refuse 
vehicle 10 is a gravity dump type vehicle or is capable of raising the refuse 
container 1 06 in order to service the vehicle then the component interaction 
rnodule 1 62 can function to prevent the refuse container from being raised 
unless the refuse loader 1 10 is in a stowed position. Similarly, if the refuse 
container 106 is raised, the component interaction module 162 can prevent the 
front loader 110 from being moved from a stowed position. 

3. Component Cushioning 
[0067] Referring back to Fig. 4, the refuse vehicle controller 1 60 has a 
component cushioning module 1 68 that assists the operator by preventing the 
components of the refuse vehicle 10 from reaching their mechanical stop points. 
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Typical mechanical stop points include points where a hydraulic cylinder reaches 
its physical limits or where components physically meet each other or the refuse 
vehicle 10. 

[0068] The component cushioning module 1 68 constantly monitors the 
position of various components and ensures that they do not meet their 
mechanical stop points. For example, during the auto load sequence, the 
component cushioning module 168 is given the position of the refuse loader 110 
and its components, namely, the arms 108 and forks 109. If the operator has 
input a position to perform the shaking operation 180 that is too close to the 
mechanical stops of the arms 108, for example, then the component cushioning 
module 1 68 will adjust the operator's Input accordingly to keep it a specified 
distance from the mechanical stops. The distance may be set by the operator 
as an input or may be set by the manufacturer. One exemplary distance is 4 
inches from the mechanical stops of a component. However, other distances, 
such as between 2 and 5 inches will work as well. 

[0069] As previously noted the construction and arrangement of the various 
aspects of the refuse vehicle control system 1 1 2 shown in the preferred and 
other exemplary embodiments are illustrative only. Although only a few 
embodiments of the present inventions have been described in detail in this 
disclosure, those skilled In the art who review this disclosure will readily 
appreciate that many modifications are possible without materially departing 
from the novel teachings and advantages of the subject matter recited in the 
claims. Accordingly, all such modifications are intended to be included within 
the scope of the present invention as defined in the appended claims. The order 
or sequence of any process or method' steps may be varied or re-sequenced 
according to alternative embodiments. Other substitutions, modifications, 
changes and omissions may be made in the design, operating conditions and 
arrangement of the preferred and other exemplary embodiments without 
departing from the scope of the present inventions as expressed in the 
appended claims. 
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WHAT IS CLAIMED IS: 

1 . A refuse vehicle comprising: 

a refuse loader capable of moving a load of refuse along a path and 

into the refuse vehicle; 

an electronic control system capable of controlling the refuse 

loader; and 

wherein the refuse loader controlled by the electronic control 
system is capable of moving the load along the path and performing an 
operation in relation to a position along the path. 

2. The refuse vehicle of claim 1, wherein the operation includes 
maintaining the load in a substantially horizontal position as the load moves 
between two positions along the path, 

3. The refuse vehicle of claim 1, wherein the operation includes shaking 
the load at an unload position along the path. 

4. The refuse vehicle of claim 3, wherein the load is shaken a preset 
number of times. 

5. The refuse vehicle of claim 4, wherein an operator inputs the number 
of times to shake the load. 

6. The refuse vehicle of claim 1, wherein the operation includes slowing 
the movement of the refuse loader as it nears the position along the path. 

7. The refuse vehicle of claim 6, wherein the position along the path 
corresponds to a mechanical stop. 

8. The refuse vehicle of claim 1 , wherein the refuse loader controlled by 
the electronic control system is also capable of moving the load along the path 
and performing an operation in relation to a position along the path in response 
to a single operator input. 
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9. The refuse vehicle of claim 1 , further comprising position sensors 
capable of determining the position of the refuse loader. 

1 0. The refuse vehicle of claim 1 , wherein an operator inputs the 
position along the path. 

1 1 . The refuse vehicle of claim 10, wherein the position is stored in 
memory. 

1 2. The refuse vehicle of claim 1 , further comprising a graphical 
interface capable of displaying the refuse loader's position as it moves along the 
path. 

1 3. The refuse vehicle of claim 1 2, wherein the graphical interface 
displays the refuse loader's position using numerical percentages or by 
displaying a graphical representation of the refuse loader. 

1 4. The refuse vehicle of claim 1 3, further comprising arms and forks, 
wherein the graphical interface displays the position of the arms or forks, 

1 5. The refuse vehicle of claim 1 , wherein the load is a refuse 
receptacle. 

1 6. The refuse vehicle of claim t, further comprising arms and forks. 

17. The refuse vehicle of claim 1 6, further comprising position sensors 
capable of determining the position of the arms or the forks, 

18. A refuse vehicle comprising: 

a refuse loader, the refuse loader being capable of moving a load 
along a path and into the refuse vehicle; and 

an electronic control system capable of controlling movement of 
the refuse loader along the path; 

wherein the refuse loader controlled by electronic control system is 

capable of: 
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(a) moving the load along the path and performing an 
operation in relation to a position along the path; and 

(b) repeating step (a) using substantially the same 
operation and substantially the same position. 

19. A refuse vehicle comprising: 
a refuse loader comprising 

arms movably mounted to a frame and vehicle body 

combination; 

forks movably mounted to the arms, the forks being capable 

of receiving a load; 

wherein the refuse loader is capable of moving a load along a 

path and into the refuse vehicle; 

an electronic control system comprising 

a plurality of actuators, the plurality of actuators being 
capable of adjusting the position of the refuse loader; 

wherein the electronic control system controls the refuse 
loader as the refuse loader moves the load along the path and into the 
refuse vehicle, the electronic control system being capable of controlling 
the refuse loader to perform an operation in relation to a position along 
the path; 

20. A refuse vehicle comprising: 

(A) a refuse loader comprising 

(1 ) arms movably mounted to a frame and vehicle body 

combination; 

(2) forks movably mounted to the arms, the forks being 
capable of receiving a load; 

(B) a power distribution and control system, the power 
distribution and control system further including 

(1) a power source; 

(2) a power transmission link; 
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(3) a plurality of output devices, the plurality of output 
devices including a plurality of actuators capable of adjusting the position 

of the refuse loader; 

(4) a plurality of input devices, the plurality of input 
devices including a plurality of position indicators capable of providing 
position information pertaining to the position of the arms or forks; 

(5) a communication network, and 

(6) a plurality of microprocessor-based interface modules, 
the plurality of interface modules being coupled to the power source by 
way of the power transmission link, the plurality of interface modules 
being interconnected to each other by way of the communication 
network, and the pluralrty of Interface modules being coupled to the 
plurality of input devices and to the plurality of output devices by way of 
respective dedicated communications links, and the plurality of interface 
modules including an interface module that is coupled to at least some of 
the plurality of position sensors and at least some of the plurality of 
actuators; 

wherein the plurality of interface modules, the plurality of input 
devices, and the plurality of output devices are distributed throughout the refuse 
vehicle; and 

wherein each respective interface module is locally disposed with 
respect to the respective input and output devices to which the respective 
interface module is coupled so as to permit distributed data collection from the 
plurality of input devices and distributed power distribution to the plurality of 
output devices. 

21 . A refuse vehicle comprising: 
a refuse loader; 
a hopper including a door; and 

an electronic control system capable of controlling the refuse 

loader; 
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wherein the electronic control system is capable of preventing the 
refuse loader from moving a load into the hopper if the door is not in an open 
position. 

22. The refuse vehicle of claim 21 , wherein the electronic control 
system prevents the refuse loader from moving in the direction of the hopper if 
the refuse loader is beyond a position along a path, the path being the path 
traveled by the refuse loader during the process of moving the load into the 
hopper. 

23. The refuse vehicle of claim 22, wherein the position is set by the 
manufacturer. 

24. The refuse vehicle of claim 22, wherein the position is located on a 
portion of the path between a halfway position and an end position near the 
hopper, 

25. A refuse vehicle comprising: 
a refuse loader; 

a hopper; 
a packer; and 

an electronic control system capable of controlling the refuse 

loader; 

wherein the electronic control system is capable of preventing the 
refuse loader from moving a load into the hopper if the packer is not at a home 
position. 

26. A refuse vehicle comprising: 
a refuse loader; 

a refuse container capable of being raised; and 

an electronic control system capable of controlling the refuse 

loader; 

wherein the electronic control system is capable of preventing the 

refuse loader from moving if the refuse container is in a raised position, 
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27. The refuse vehicle of claim 26, wherein the electronic control 
system is capable of controlling the refuse container and is capable of 
preventing the refuse container from being raised if the refuse loader is not in a 
stowed position. 

28. A method of operating a refuse vehicle comprising: 

moving a load of refuse along a path and into the refuse vehicle, 
the moving step being controlled by an electronic control system, the moving 
step including performing an operation in relation to a position along the path. 

29. The method of claim 28, wherein the operation includes 
maintaining the load in a substantially horizontal position as the load moves 
between two positions along the path, 

30. The method of claim 28, wherein the operation includes shaking 
the load at an unload position along the path. 

31 . The method of claim 29, wherein the load is shaken a preset 
number of times, 

32. The method of claim 31 , wherein an operator inputs the number of 
times to shake the load. 

33. The method of claim 28, wherein the rtioving step is performed in 
response to a single operator input. 

34. The method of claim 28, wherein an operator inputs the position 
along the path. 

35. The method of claim 34, wherein the position is stored in memory. 

36. The method of claim 28, wherein the load is a refuse receptacle. 

37. The method of claim 28, wherein the refuse vehicle further 
comprises arms and forks. 
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38. The method of claim 37, wherein the refuse vehicle includes 
position sensors capable of determining the position of the arms or the forks. 

39. The method of claim 28, wherein the moving step Is performed by 
a refuse loader. 

40. The method of claim 39, wherein the refuse vehicle includes 
position sensors capable of determining the position of the refuse loader. 

41 . The method of claim 39, wherein the operation includes slowing 
the movement of the refuse loader as It nears the position along the path. 

42. The method of claim 41 , wherein the position along the path 
corresponds to a mechanical stop. 

43. The method of claim 39, wherein the refuse vehicle Includes a 
graphical interface capable of displaying the refuse loader's position as It moves 
along the path. 

44. The method of claim 43, wherein the graphical interface displays 
the refuse loader's position using numerical percentages or by displaying a 
graphical representation of the refuse loader. 

45. The method of claim 39, wherein the refuse loader is controlled by 
the electronic control system while moving a load. 

46. A method of controlling a refuse vehicle having an electronic 
control system comprising: 

moving a load of refuse along a path and into the refuse vehicle, 
the moving step being controlled by the electronic control system, the moving 
step including performing an operation in relation to a position along the path. 

repeating the moving step including performing the same operation 
at the same position along the path. 
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